PCT 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 




(11) International Publication Number: 


WO 00/25923 


BOIL 3/02 


Al 


(43) International Publication Date: 


11 May 2000 (11.05.00) 



(21) International Application Number: PCT/GB99/03588 

(22) International Filing Date: 1 November 1999 (01.1 1.99) 



(30) Priority Data: 
9824202.7 



4 November 1998 (04.1 1.98) GB 



(71) Applicant (for all designated States except US): 
BIOROBOTICS LTD. [GB/GB]; Bennell Court, Comber- 
ton, Cambridge CB3 7DS (GB). 

(71X72) Applicants and Inventors: MOORE, David, Frank 
[GB/GB]; Trinity Hall, Cambridge CB2 1TJ (GB). MILNE, 
William, Ireland [GB/GB]; Churchill College, Cambridge 
CB3 0DS (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): DAVIES, Martin, 
Clement [GB/GB]; BioRobotics Ltd., Bennell Court, 
Comberton, Cambridge CB3 7DS (GB). ELMES, Stuart, 
Antony [GB/GB]; BioRobotics Ltd., Bennell Court, 
Comberton, Cambridge CB3 7DS (GB). 

(74) Agents: DRIVER., Virginia, Rozarme et al.; Page White & 
Farrcr, 54 Doughty Street, London WC1N 2LS (GB). 



(81) Designated States: GB, JP, US, European patent (AT. BE, CH, 
CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, 
PT, SE). 



Published 

With international search report. 
With amended claims. 



(54) Title: LIQUID TRANSFER SYSTEM 
(57) Abstract 

A dropping tool for transferring drops of a liquid onto a substrate wherein a surface of the dropping tool for contact with die liquid 
has a first region which exhibits an affinity to die liquid to be transferred directly surrounded by a second region which exhibits a lower 
affinity to die liquid to be transferred than die first region; the topography of the first and second regions and die relative affinities of the 
first and second regions for the liquid to be transferred being selected such that when the dropping tool is dipped into and then removed 
from a source of the liquid to be transferred, the liquid adheres to the first region without substantially any adherence of the liquid to the 
second region. A dropping tool for transferring drops of liquid onto a substrate, the dropping tool comprising a tip, at least one surface 
tapered towards the tip, and a capillary channel which leads from a position of the tapered surface remote from the tip to a reservoir located 
within die dropping tool. A method for transferring drops of liquid carried on a dropping tool onto a substrate to form an ordered array of 
drops thereon wherein the drop of liquid is transferred without contacting die dropping tool with die substrate either directly or indirectly 
via the drop of liquid. 
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WO 00/25923 PCT/GB99/03588 

LIQUID TRANSFER SYSTEM 

The present invention relates to tools and methods for dispensing an ordered array of 
liquid drops onto a solid substrate, particularly for multiple testing in the 
biotechnological field. 

In the biotechnological field, it is often necessary to dispense liquid drops in an ordered 
array onto a solid substrate for performing multiple tests. There has been a strong 
desire to reduce the size of each individual liquid drop transferred on to the substrate so 
as to be able to increase the density of dots per unit area of substrate and at the same 
time minimize the volumes of expensive reagents required for the tests. 

It is an aim of the present invention to provide a dropping tool for dispensing drops of 
liquid on to a solid substrate which is of relatively simple construction and with which it 
is possible to dispense drops of relatively small size with excellent reproducibility. 

It is another aim of the present invention to provide an alternative and improved method 
for transferring a drop of liquid carried on a dropping tool on to a target substrate. 

According to a first aspect of the present invention, there is provided a use of a dropping 
tool in a method of transferring drops of liquid on to a substrate, wherein a surface of 
the dropping tool for contact with the liquid has a first region which exhibits an affinity 
to the liquid to be transferred directly surrounded by a second region which exhibits a 
lower affinity to the liquid to be transferred than the first region; the topography of the 
first and second regions and the relative affinities of the first and second regions for the 
liquid to be transferred being selected such that when the dropping tool is dipped into 
and then removed from a source of the liquid to be transferred, the liquid adheres to the 
first region without substantially any adherence of the liquid to the second region. 

According to a second aspect of the present invention, there is provided a dropping tool 
for transferring drops of a liquid onto a substrate wherein a surface of the dropping tool 
for contact with the liquid has a first region which exhibits an affinity to the liquid to be 
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transferred directly surrounded by a second region which exhibits a lower affinity to the 
liquid to be transferred than the first region; the topography of the first and second 
regions and the relative affinities of the first and second regions for the liquid to be 
transferred being selected such that when the dropping tool is dipped into and then 
removed from a source of the liquid to be transferred, the liquid adheres to the first 
region without substantially any adherence of the liquid to the second region. 

According to a third aspect of the present invention, there is provided a method for 
transferring drops of liquid carried on a dropping tool on to a substrate to form an 
ordered array of drops thereon wherein the drop of liquid is transferred without 
contacting the dropping tool with the substrate either directly or indirectly via the drop 
of liquid. 

According to a fourth aspect of the present invention, there is provided a dropping tool 
for transferring drops of liquid on to a substrate, the dropping tool comprising a tip, at 
least one surface tapered towards the tip, and a capillary channel which leads from a 
position of the tapered surface remote from the tip to a reservoir located within the- 
dropping tool. 

Embodiments of the present invention will now be described hereunder, by way of 
example only, with reference to the accompanying drawings in which:- 

Figures 1 to 15 are schematic cross-sectional views of the lower sections of 
dropping tools according to fifteen different embodiments of the present invention 
respectively. 

Figure 1 shows a cross-sectional view of the lower section of a dropping tool according 
to a first embodiment of the present invention for transferring drops of an aqueous 
liquid onto a solid substrate. In this embodiment the dropping tool is a steel pin 
substrate 12 having its whole surface other than a region at its tip 14 coated with a layer 
16 of a relatively hydrophobic material such as teflon or tetrahedral amorphous carbon 
(t.a.C). The exposed area at the tip 14 is preferably generally circular in shape when 
viewed down the axis of the pin from the tip of the pin. and its size is determined in 
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accordance with the desired drop size but will generally be of the order of a fraction of a 
mm, preferably about 0.1mm or less. In this first embodiment, the boundary between 
the exposed steel tip of the pin and the relatively hydrophilic coating is topologically 
continuous. This dropping tool can be fabricated by removing a small thickness of 
surface steel from the portion of the surface of a conventional steel dropping pin 
surrounding the tip of the pin followed by subsequent application of a layer of the 
relatively hydrophobic material onto the region of the pin from which the layer of steel 
has been removed. The removal of the layer of steel can be carried out by a mechanical 
process or by physical or chemical etching. The application of the layer of relatively 
hydrophobic material can, for example, be carried out by filtered vacuum arc (fcva), 
plasma enhanced chemical vapour deposition (pecvd), evaporation or by dipping the 
relevant portion of the pin in a liquid of the material. Plasma-enhanced chemical 
vapour deposition is the preferred method of application. 

The selection of the material used for the relatively hydrophobic region will depend on 
the desired drop size. For example, particularly small tip sizes (for producing 
particularly small drops) will require the selection of a material which is much less 
hydrophilic than the exposed steel tip of the pin if the drop of liquid is to be contained 
within the bounds of the exposed hydrophilic tip of the dropping pin. 

Figure 2 shows a cross-sectional view of the lower section of a dropping tool according 
to a second embodiment of the present invention for dispensing drops of an aqueous 
liquid on to a solid substrate. In this second embodiment, a pin substrate 22 made of a 
relatively hydrophobic material such as teflon is provided at its tip 24 with a thin 
circular layer 28 of a hydrophilic material such as platinum. As in the first embodiment, 
the boundary between the layer of hydrophilic material and the non-coated surface of 
the hydrophobic pin substrate is topologically continuous. 

Figure 3 shows a cross-sectional view of the lower section of a dropping tool according 
to a third embodiment of the present invention for dispensing drops of an aqueous liquid 
onto a solid substrate. A steel pin substrate 32 is coated at its tip 34 with a thin layer 38 
of a hydrophilic material such as hydrogenated amorphous carbon, and the region of the 
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pin surrounding the coated tip is coated with a thin layer 36 of a hydrophobic material 
such as teflon. As in the first two embodiments, the boundary between the hydrophilic 
tip and hydrophobic region surrounding the tip is topological^, continuous. The layer 38 
of hydrophilic material is preferably generally circular in shape when viewed down the 
axis of the pin from the tip of the pin. 

Figure 4 shows a cross-sectional view of the lower section of a dropping tool according 
to a fourth embodiment of the present invention. This embodiment is similar to the first 
embodiment except that the layer 46 of relatively hydrophobic material is coated on a 
steel pin substrate 42 having a continuous surface such that there is a topological step at 
the boundary between the relatively hydrophobic layer and the exposed tip 44 of the pin 
in the resulting dropping tool. In other words, the relatively hydrophobic layer 
protrudes further than the underlying material. This makes it further energetically 
favourable for the liquid drop to terminate at the interface, and thus improves the 
uniformity of drop size. 

"Figure 5 shows a cross-sectional view of the lower section of a dropping tool according 
to a fifth embodiment of the present invention. This embodiment is similar to the 
second embodiment except that the layer of hydrophilic material 58 (such as platinum 
metal) is formed on the tip of a pin substrate 52 which is made of a relatively 
hydrophobic material (such as teflon) and has a continuous surface, with the result that 
there is a topological step at the boundary between the surface of the relatively 
hydrophobic pin substrate 52 and the hydrophilic layer 58, This has the same kind of 
advantages as those described for the fourth embodiment. 

Figure 6 shows a cross-sectional view of the lower section of a dropping tool according 
to a sixth embodiment of the present invention. This embodiment is similar to the third 
embodiment except that the thickness of the layer 66 of relatively hydrophobic material 
is greater than the thickness of the layer 68 of the hydrophilic material resulting in a 
topological step at the boundary between the two layers. This construction also has the 
same kind of advantages as those described above for the fourth embodiment. 
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Figure 7 shows a cross-sectional view of the lower section of a dropping tool according 
to a seventh embodiment of the present invention. A pin-shaped substrate 72 has a layer 
78 of a hydrophilic material such as bydrogenated amorphous carbon over its entire 
surface. A layer 76 of a relatively hydrophobic material such as teflon is formed over 
the entire surface of the layer of hydrophilic material except for a region 74 at the tip of 
the pin to leave the layer of relatively hydrophilic material exposed. The exposed 
region is preferably generally circular in shape when viewed down the axis of the pin 
from the tip of the pin. 

Figure 8 shows a cross-sectional view of the lower section of a dropping tool according 
to an eighth embodiment of the present invention. A steel pin substrate 82 has a 
capillary channel 83 running vertically from its tip to a reservoir 85 located inside the 
steel pin substrate 82. The surface of the pin substrate 82 surrounding the entrance to 
the capillary channel 83 is coated with a thin layer 86 of a relatively hydrophobic 
material such as teflon. This construction allows for the transfer of a plurality of drops 
(for example, ten drops) of uniform size without having to revisit the source of liquid 
after the transfer of each drop. 

The above-described dropping pins are used in the following manner. The dropping pin 
is dipped into and then removed from a source of the liquid to be transferred. A drop of 
liquid remains adhered to the hydrophilic tip of the pin but not to the relatively 
hydrophobic region surrounding the tip of the pin, ensuring that a liquid drop of uniform 
size is loaded onto the dropping pin each time the pin is dipped into and then removed 
from the liquid source. The liquid drop can then be transferred to a solid substrate in a 
number of ways. For example, it can be deposited by the conventional method of 
bringing the tip of the dropping pin into close proximity with the surface of the solid 
substrate such that the drop of liquid makes simultaneous contact with the surface of the 
solid substrate. Provided that the surface of the solid substrate is not less hydrophilic 
than the tip of the dropping pin. the drop of liquid transfers to the solid substrate when 
the dropping tool is then withdrawn from the surface of the solid substrate. 
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Alternatively, the liquid drop can also be transferred by the new transfer methods of the 
present invention. In one such method the tip of the dropping pin is accelerated down 
towards the surface of the solid substrate and then stopped at a high rate of 
deceleration at a position above the surface of the solid substrate where the drop of 
liquid does not make simultaneous contact with the surface of the solid substrate. The 
momentum of the liquid drop causes it to become projected from the tip of the pin on to 
the surface of the solid substrate. 

In an alternative transfer method, the tip of the dropping pin is brought into a position 
above the surface of the solid substrate where the drop of liquid does not make 
simultaneous contact with the surface of the solid substrate. A pressure wave is then 
induced in the body of the pin such that it is focussed at the point of the pin where the 
liquid drop is being carried (i.e. the tip). The pressure wave causes the drop of liquid to 
become projected from the tip of the pin on to the substrate. The pressure wave can be 
created by physically tapping the end of the pin opposite to its tip or by other non- 
mechanical means such as piezoelectric or electromagnetic effects. 

The two methods of the present invention described above have the advantage that it is 
not necessary to ensure that the tip of the pin is less hydrophilic than the surface of the 
solid substrate onto which the liquid drop is transferred, and the materials used to make 
the pin can therefore be selected regardless of the nature of the substrate onto which the 
drop of liquid is to be transferred. . 

Figure 9 shows a cross-sectional view of a dropping tool according to a ninth 
embodiment of the present invention. In this embodiment, a pin substrate having a 
squared-off tip is provided with a recess 97 at its tip. A layer 98 of a hydrophilic 
material is formed over the entire surface of the pin substrate 92. and a second layer 96 
of a relatively hydrophobic material is formed over the entire surface of the layer 98 of 
hydrophilic material except for a circular (when viewed down the axis of the pin) region 
99 in the recess 97 at the tip of the pin. The recess is preferably made deep enough that 
a drop of liquid carried on the hydrophilic region of the recess of the pin does not make 
contact with the surface of a solid substrate when the squared-off portion 94 of the tip of 
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the pin is brought into contact therewith. The drop of liquid can then be transferred 
from the pin on to the solid substrate by impacting the squared-off portion 94 of the tip 
of the pin with the surface of the solid substrate whereby the drop of liquid carried in 
the recess is projected from the pin onto the surface of the solid substrate by its own 
momentum. The drop of liquid could of course also be transferred by the two non- 
contact methods described above. 

Figure 10 shows a cross-sectional view of the lower section of a dropping tool 
according to a tenth embodiment of the present invention. The steel dropping tool is 
wedge shaped with a squared-off tip 104 and a tapered face 101 tapered towards the 
squared-off tip 104. A capillary channel 103 extends from the tapered face 101 to a 
reservoir 105 located within the dropping tool. The capillary channel 103 is preferably 
formed so as to extend in a direction approxiamately perpendicular to the squared-off 
tip 104. The capillary channel 103 and reservoir 105 can be formed for example by 
electron discharge machining (EDM), laser ablation or by focussed ion beam etching. 
In use, the dropping tool is dipped into a source of the liquid to be transferred to fill the 
reservoir 105 and capillary channel 103. The squared-off tip 104 of the dropping tool is 
then impacted against the surface of the target solid substrate at an appropriate velocity 
such that a single drop of liquid is projected from the entrance of the capillary channel 
on to the surface of the solid substrate by a momentum effect. 

Figure 11 shows a cross-sectional view of a dropping tool according to an eleventh 
embodiment of the present invention. This embodiment is identical to the tenth 
embodiment except that a layer 106 of relatively hydrophobic material such as teflon is 
formed on the entire surface of the dropping tool surrounding the entrance to the 
capillary channel 113. This deters liquid at the entrance to the capillary channel 113 
from spreading onto the surrounding surface of the dropping tool whereby the 
uniformity of drop size can be further improved. 

j 

Figure 12 shows a cross-sectional view of a dropping tool according to a twelfth 
embodiment of the present invention. This embodiment is similar to the tenth 
embodiment except that it does not have a capillary channel leading from the tapered 
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surface to a reservoir. Instead, a layer 128 of hydrophilic material such as hydrogenated 
amorphous carbon is formed over the entire surface of the dropping tool, and a second 
layer 126 of relatively hydrophobic material, such as teflon, is formed over the entire 
surface of the layer of hydrophilic material except for a circular region 125 thereof on 
the tapered surface. When the dropping tool is dipped into a source of the liquid to be 
transferred, a drop of liquid adheres only to the exposed circular region 125 of the 
hydrophilic layer 128. The drop of liquid can then be transferred from the dropping tool 
to the target solid substrate by the impact method described above. 

In Figures 10, 1 1 and 12, the entrance to the capillary channel (in the cases of Figures 
10 and 11) or the region of hydrophilic material (in the case of Figure 12) is well 
separated from the tip of the dropping tool. However, it is also possible to have the 
same at a position much closer to the tip of the pin such that when the tip of the pin is 
brought into contact with a solid substrate, liquid carried at the entrance to the capillary 
channel or on the region of hydrophilic material makes simultaneous contact with the 
solid substrate and the dropping tool, whereby a drop of the liquid is transferred from 
the dropping tool to the solid substrate when the dropping pin is subsequently 
withdrawn from the solid substrate. 

In each of the dropping tools described above, the size of the hydrophilic region of the 
surface of the tool or the size of the entrance to the capillary channel in the case of the 
eighth, tenth and eleventh embodiments is determined in accordance with the desired 
drop size. Desired drop sizes are typically of the order of a fraction of a mm, preferably 
about 0. 1 mm or less. 

In the case of those embodiments which do not have a capillary channel, the dropping 
performance can be further improved by forming a third region of a relatively 
hydrophobic material at the centre of the hydrophilic region. A schematic cross- 
sectional view of such an embodiment is shown in Figure 13. A steel pin substrate 132 
has a squared-off circular tip 138 having a diameter of about 0.1mm. The tapered 
surface of the pin substrate 132 leading towards the squared-off tip is coated with a thin 
layer 136 of a hydrophobic material. A small circular area at the centre of the squared- 
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off tip is coated with a thin layer 139 of a material which is less hydrophilic than the 
exposed surface of the steel pin but is preferably less hydrophobic than the layer 136 of 
relatively hydrophobic material surrounding the squared-off tip 138 of the pin. This 
third region functions to further ensure that the liquid is transferred from the dropping 
pin to the target substrate as a droplet. 

Figure 14 shows a cross-sectional view of the lower section of a dropping tool 
according to a fourteenth embodiment of the present invention with a drop of an 
aqueous liquid carried on the pin. In this embodiment, an annular groove 145 is cut into 
a pin substrate 142 made of a relatively hydrophobic material (such as teflon) at a 
position distanced axially from the tip 144 of the pin. A layer of hydrophilic material 
such as hydrogenated amorphous carbon is applied to the groove to form a hydrophilic 
collar 148. The width of the collar 148 and the distance of the collar 148 from the tip of 
the pin is determined in accordance with the desired drop size. Desired drop sizes are 
typically of the order of a fraction of a mm, preferably 0.1 mm or less. 

When the dropping pin is dipped into and subsequently removed from a source of the 
aqueous liquid to be transferred, a drop of liquid remains adhered to the section of the 
surface of the dropping pin comprising the hydrophilic collar and the region at the tip of 
the pin encompassed by the hydrophilic collar. 

Figure 15 shows a schematic cross-sectional view of a dropping pin according to a 
fifteenth embodiment of the present invention with a drop of aqueous liquid carried 
thereupon. This embodiment is similar in principle to the embodiment shown in Figure 
14. A steel pin subtrate 152 is first coated with a layer 156 of a relatively hydrophobic 
material such as teflon or tetrahedral amorphous carbon over its entire surface, and then 
an annular groove is then cut into the pin at a position distanced axially from the tip 154 
of the pin to expose a collar of steel 155. As in the embodiment shown in Figure 14, the 
width of the collar and the distance of the collar from the tip of the pin is determined in 
accordance with the desired drop size. 
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The examples of dropping tools described in detail above are all designed for 
transferring drops of an aqueous liquid. However, all the above-described constructions 
can be adapted for use with any other kind of liquid such as organic liquids by 

■ 

appropriately selecting materials which have the corresponding relative affinities for the 
particular liquid to be transferred. 
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CLAIMS 

1. Use of a dropping tool in a method of transferring drops of liquid on to a 
substrate, wherein a surface of the dropping tool for contact with the liquid has 
a first region which exhibits an affinity to the liquid to be transferred directly 
surrounded by a second region which exhibits a lower affinity to the liquid to 
be transferred than the first region; the topography of the first and second 
regions and the relative affinities of the first and second regions for the liquid 
to be transferred being selected such that when the dropping tool is dipped into 
and then removed from a source of the liquid to be transferred, the liquid 
adheres to the first region without substantially any adherence of the liquid to 
the second region. 

2. A use of a dropping tool according to claim 1 wherein the dropping tool is a 
pin. 

3. A use of a dropping tool according to claim 2 wherein the first region is located 
at the tip of the pin. 

4. A use of a dropping tool according to claim 1 wherein the dropping tool has a 
tip and at least one surface tapered towards the tip, and wherein the first region 
is located at a position on the tapered surface remote from the tip. 

5. A use of a dropping tool according to claim 1 wherein the boundary between 
the first and second regions is topologically discontinuous. 

6. A use of a dropping tool according to claim 1 wherein the liquid to be 
transferred is an aqueous liquid, the first region is relatively hydrophilic and 
the second region is relatively hydrophobic. 

7. A use of a dropping tool according to claim 1 wherein the first region is 
comprised of a first material having an affinity for the liquid to be transferred 
and the second region is comprised of a second material having a lower affinity 
for the liquid to the transferred than the first material. 

8. A use of a dropping tool according to claim 1 wherein the first region of the 
dropping tool comprises a capillary channel leading to a reservoir located 
within the dropping tool, and the second region is located about the entrance to 
the capillary channel. 
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9. A use of a dropping tool according to claim 1 wherein the first region 
encompasses a third region which has an affinity to the liquid to be transferred 

. which is less than that of the first region. 

10. A use of a dropping tool according to claim 9 wherein the relative affinities of 
the first and third regions are selected such that the liquid is transferred to the 
substrate as a droplet 

11. A use of a dropping tool according to any preceding claim wherein the first 
region is of a size suitable for carrying a drop of liquid having a diameter of 
1 mm or less, preferably 0. 1 mm or less. 

12. A dropping tool for transferring drops of a liquid onto a substrate wherein a 
surface of the dropping tool for contact with the liquid has a first region which 
exhibits an affinity to the liquid to be transferred directly surrounded by a 
second region which exhibits a lower affinity to the liquid to be transferred 
than the first region; the topography of the first and second regions and the 
relative affinities of the first and second regions for the liquid to be transferred 
being selected such that when the dropping tool is dipped into and then 
removed from a source of the liquid to be transferred, the liquid adheres to the 
first region without substantially any adherence of the liquid to the second 
region. 

13. A dropping tool according to claim 12 wherein the first region is relatively 
hydrophilic and the second region is relatively hydrophobic. 

14. A dropping tool according to claim 12 comprising a pin having a tip, and 
wherein the first region is located at the tip of the pin. 

15. A dropping tool according to claim 1 2 comprising a tip and at least one surface 
tapered towards the tip, and wherein the first region is located at a position on 
the tapered surface remote from the tip. 

16. A dropping tool according to any of claims 1 2 to 1 5 wherein the first region is 
of a size suitable for carrying a drop of liquid having a diameter of about 1mm 
or less, preferably 0.1mm or less. 

17. A method for transferring drops of liquid carried on a dropping tool on to a 
substrate to form an ordered array of drops thereon wherein the drop of liquid 



SUBSTITUTE SHEET (RULE 26) 



WO 00/25923 PCT/GB99/03588 

13 

is transferred without contacting the dropping tool with the substrate either 
directly or indirectly via the drop of liquid. 

18. A method for transferring a drop of liquid according to claim 17, the method 
comprising the steps of imparting a pressure wave to the dropping tool in such 
a manner that it travels through the body of the dropping tool and is focussed at 
the point of the dropping tool on which the liquid drop is carried to project the 
drop of liquid onto the substrate. 

19. A method for transferring a drop of liquid according to claim 17, the method 
comprising the steps of accelerating the dropping tool towards the substrate, 
and then deaccelerating the dropping tool at a high deacceleration rate such 
that the drop of liquid carried on the dropping tool is projected from the 
dropping tool on to the substrate by virtue of its own momentum. 

20. A method according to claim 17 wherein the dropping tool is a pin which is 
adapted to carry a liquid drop at its tip. 

21. A method according to claim 20 wherein the pin has a capillary channel 
leading from its tip to a reservoir located inside the pin. 

22. A method according to claim 1 7 wherein the dropping tool has a tip and at least 
one surface tapered towards the tip which is adapted to carry a liquid drop at a 

position remote from the tip. 

23. A method according to claim 22 wherein the dropping tool has a capillary 
channel leading from a position of the tapered surface remote from the tip to a 
reservoir located inside the dropping tool. 

24. A method according to claim 18 wherein the pressure waves are imparted 
mechanically or by a piezoelectric effect or electromagnetic effect. 

25. A dropping tool for transferring drops of liquid on to a substrate, the dropping 
tool comprising a tip, at least one surface tapered towards the tip, and a 
capillary channel which leads from a position of the tapered surface remote 
from the tip to a reservoir located within the dropping tool. 

26. A method of transferring drops of liquid on to a substrate using the dropping 
tool according to claim 25. comprising the steps of at least partially filling the 
capillary channel and reservoir with the liquid to be transferred, and impacting 
the tip of the dropping tool against the substrate so as to cause a drop of liquid 



SUBSTITUTE SHEET (RULE 26) 



WO 00/25923 PCT/GB99/03588 

14 

to be projected from the capillary channel on to the substrate by a momentum 
effect 

27. A method of transferring droos of liquid on to a substrate using the dropping 
tool according to claim 25, comprising the steps of at least partially filling the 
capillary channel and reservoir with the liquid to be transferred, and imparting 
a pressure wave to the dropping tool in such a manner that the pressure wave is 
focussed at the entrance of the capillary channel so as to cause a drop of liquid 
to be projected from the capillary channel on to the substrate. 

28. A method according to any of claims 25 to 27, wherein an ordered array of 
liquid drops is formed on the substrate. 

29. A use of a dropping tool as substantially hereinbefore described with reference 
to Figures 1 to 15 of the accompanying drawings. 

30. A dropping tool as substantially hereinbefore described with reference to 
Figures 1 to 15 of the accompanying drawings. 

31. A method for transferring drops of liquid on to a substrate as substantially 
hereinbefore described with reference to Figures 1 to 15 of the accompanying 

A- - 

drawings. 
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AMENDED CLAIMS 

[received by the International Bureau on 3 1 March 2000 (3 1 .03.00); 
original claims 1-31 replaced by new claims 1-27 (4 pages)] 

CLAIMS 

1. Use of a dropping tool in a method of transferring drops of liquid on to a 
substrate, wherein a surface of the dropping tool for contact with the liquid has 
a first region comprising a capillary channel leading to a reservoir located 
within the dropping tool and exhibiting an affinity to the liquid to be 
transferred, and a second region located about the entrance to the capillary 
channel and exhibiting a lower affinity to the liquid to be transferred than the 
first region; the relative affinities of the first and second regions for the liquid 
to be transferred being selected such that when the dropping tool is dipped into 
and then removed from a source of the liquid to be transferred, the liquid 
adheres to the first region without substantially any adherence of the liquid to 
the second region. 

2. A use of a dropping tool according to claim 1 wherein the dropping tool is a 

pin. * 

3. A use of a dropping tool according to claim 2 wherein the entrance to the 

capillary channel is located at the tip of the pin. 

4. A use of a dropping tool according to claim 1 wherein the dropping tool has a 
tip and at least one surface tapered towards the tip, and wherein the entrance to 
the capillary channel is located at a position on the tapered surface remote from 
the tip. 

5. A use of a dropping tool according to claim 1 wherein the boundary between 
the first and second regions is topologically discontinuous. 

6. A use of a dropping tool according to claim 1 wherein the liquid to be 
transferred is an aqueous liquid, the first region is relatively hydrophilic and 
the second region is relatively hydrophobic. 

7. A use of a dropping tool according to claim 1 wherein the first region is 
comprised of a first material having an affinity for the liquid to be transferred 
and the second region is comprised of a second material having a lower affinity 
for the liquid to the transferred than the first material. 
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8. A use of a dropping tool according to any preceding claim wherein the 
capillary channel is of a size suitable for carrying a drop of liquid having a 
diameter of 1mm or less, preferably 0.1mm or less. 

9. A dropping tool for transferring drops of a liquid onto a substrate wherein a 
surface of the dropping tool for contact with the liquid has a first region 
comprising a capillary channel leading to a reservoir located within a dropping 
tool and exhibiting an affinity to the liquid to be transferred, and a second 
region located about the entrance to the capillary channel and exhibiting a 
lower affinity to the liquid to be transferred than the first region; the relative 
affinities of the first and second regions for the liquid to be transferred being 
selected such that when the dropping tool is dipped into and then removed 
from a source of the liquid to be transferred, the liquid adheres to the first 
region without substantially any adherence of the liquid to the second region. 

10. A dropping tool according to claim 9 wherein the first region is relatively 
hydrophilic and the second region is relatively hydrophobic. 

11. A dropping tool according to claim 9 comprising a pin having a tip, and 
wherein the entrance to the capillary channel is located at the tip of the pin. 

12. A dropping tool according to claim 9 comprising a tip and at least one surface 
tapered towards the tip, and wherein the entrance to the capillary channel is 
located at a position on the tapered surface remote from the tip. 

13. A dropping tool according to any of claims 9 to 12 wherein the capillary 
channel is of a size suitable for carrying a drop of liquid having a diameter of 
about 1mm or less, preferably 0.1mm or less. 

14. A method for transferring drops of liquid carried by a dropping pin onto a 
substrate to form an ordered array of drops thereon wherein a drop of liquid is 
transferred without contacting the dropping pin with the substrate either 
directly or indirectly via the drop of liquid. 

15. A method for transferring a drop of liquid according to claim 14, the method 
comprising the steps of imparting a pressure wave to the dropping pin in such a 
manner that it travels through the body of the dropping pin and is focussed at 
the point of the dropping pin on which the liquid drop is carried to project the 
drop of liquid onto the substrate. 
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16. A method for transferring a drop of liquid according to claim 14, the method 
comprising the steps of accelerating the dropping pin towards the substrate, 
and then deaccelerating the dropping pin at a high deacceleration rate such that 
a drop of liquid carried on the dropping pin is projected from the dropping tool 
on to the substrate by virtue of its own momentum. 

17. A method according to claim 14 wherein the pin has a capillary channel 
leading from its tip to a reservoir located inside the pin. 

18. A method according to claim 14 wherein the dropping pin has a tip and at least 
one surface tapered towards the tip which is adapted to cany a liquid drop at a 
position remote from the tip. 

19. A method according to claim 18 wherein the dropping pin has a capillary 
channel leading from a position of the tapered surface remote from the tip to a 
reservoir located inside the dropping pin. 

20. A method according to claim 15 wherein the pressure waves are imparted 
mechanically or by a piezoelectric effect or electromagnetic effect 

21. A method of transferring drops of liquid on to a substrate using a dropping tool 
comprising a tip, at least one surface tapered towards the tip, and a capillary 
channel which leads from a position of the tapered surface remote from the tip 
to a reservoir located within the dropping tool, the method comprising the steps 
of at least partially filling the capillary channel and reservoir with the liquid to 
be transferred, and impacting the tip of the dropping tool against the substrate 
so as to cause a drop of liquid to be projected from the capillary channel on to 
the substrate by a momentum effect 

22. A method of transferring drops of liquid on to a substrate using a dropping tool 
comprising a tip, at least one surface tapered towards the tip, and a capillary 
channel which leads from a position of the tapered surface remote from the tip 
to a reservoir located within the dropping tool, the method comprising the steps 
of at least partially filling the capillary channel and reservoir with the liquid to 
be transferred, and imparting a pressure wave to the dropping tool in such a 
manner that the pressure wave is focussed at the entrance of the capillary 
channel so as to cause a drop of liquid to be projected from the capillary 
channel on to the substrate. 
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23. A method according to any of claims 14 to 19, wherein an ordered array of 
liquid drops is formed on the substrate. 

24. Use of a dropping tool in a method of transferring drops of liquid on to a 
substrate, wherein a surface of the dropping tool for contact with the liquid has 
a first region which exhibits an affinity to the liquid to be transferred directly 
surrounded by a second region which exhibits a lower affinity to the liquid to 
be transferred than the first region; the boundary between the first and second 
regions being topologically discontinuous and the relative affinities of the first 
and second regions for the liquid to be transferred being selected such that 
when the dropping tool is dipped into and then removed from a source of the 
liquid to be transferred, the liquid adheres to the first region without 
substantially any adherence of the liquid to the second region. 

25. A use of a dropping tool as substantially hereinbefore described with reference 
to Figures 1 to 15 of the accompanying drawings. 

26. A dropping tool as substantially hereinbefore described with reference to 
Figures 1 to 15 of the accompanying drawings. 

27. A method for transferring drops of liquid on to a substrate as substantially 
hereinbefore described with reference to Figures 1 to 15 of the accompanying 
drawings. 
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